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Abstract 
Components for solar thermal collectors like glazing materials, absorbers and reflectors are exposed to outdoor 
weathering and accelerated weathering tests in order to analyze their stability and behavior under different climatic 
conditions. To measure the degradation on different scales and to identify the processes taking place, the samples are 
characterized before, during and after the tests with different methods, including FT-IR spectroscopy, contact angle 
measurement and microscopic technologies such as Atomic Force Microscopy (AFM). 
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1. Project and objective 
The objectives of the project “Development of Accelerated Aging Test Procedures for Solar Thermal 
Collectors and their Components” SpeedColl (www.speedcoll.de) are the analysis of aging processes and 
the development of accelerated aging test procedures for solar thermal collectors and their components, as 
well as the verification of these procedures in comparison with collectors that are exposed to extreme 
climatic conditions. 
Of all the components of a solar thermal system, solar collectors have to bear the highest stress with 
respect to durability since they have to resist high temperatures – especially during stagnation – and they 
are exposed to weathering. Up until now, the aging processes of solar collectors have only been poorly 
analyzed and characterized. However, because of their advanced mass production and the resulting 
opportunities and risks for operation – especially in extreme climatic conditions - it is necessary to 
develop suitable accelerated test procedures for the qualification of the aging resistance of solar 
collectors. 
The degradation effects occurring in solar collectors with glass covers are caused primarily by the 
temperature levels in the collector. These have grown significantly in recent years because of the 
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improvements in collector efficiency and the trend towards systems with higher solar fractions resulting 
in the increase in stagnation times and temperatures. In many cases, this leads to intensified aging 
processes. Furthermore, aging analyses of new products on the market, such as spectrally selective 
absorber layers anti-soiling or anti-reflection coatings, are needed since only little is known about their 
long-term behavior. 
Next to the influence of increased temperatures, other causes for aging have to be analyzed, especially 
UV radiation, moisture and the influence of corrosive (saline) atmospheres. Polymers are being used 
more and more for components of collectors. This requires the development of fast testing procedures 
regarding the aging effects caused by high temperatures, UV radiation and humidity. Furthermore, a 
quality check concerning the impact of saline atmospheres is indispensable because in maritime countries, 
where this type of atmosphere is predominant, solar thermal collectors are frequently used for the 
preparation of domestic hot water and solar cooling and these are the most populated regions worldwide.  
Components and materials of solar thermal collectors are tested in addition to entire commercially 
available collectors. The samples are provided by the industrial project partners and tested at the scientific 
institutes that participate in the project. The focus is on the following components: 
 
x Glazing material with and without special coatings, such as AR coatings or anti-soiling coatings; 
x Metallic reflector materials; 
x Absorber coatings with spectrally selective properties on different substrates; 
x Insulation materials.  
 
The cooperation of material suppliers and collector manufacturers with research institutes ensures a 
broad expertise for innovative test designs and the interpretation of test results. 
2. Weathering tests 
2.1. Outdoor 
The samples are exposed to outdoor weathering at six test sites with different climatic conditions under 
continuous monitoring of the climatic conditions (temperature, humidity, wind, precipitation, UV) and the 
collector micro climate (temperature and humidity inside the collector). In order to gain worst-case-data 
some of the test sites are positioned in very extreme climates with very harsh conditions. 
Table 1. Exposition of collectors and components (glazing, absorbers, mirrors, thermal insulation) at locations with extreme 
climates: 
Climates location 
Tropical Kochi, India 
Alpine Schneefernerhaus, Zugspitze, Germany 
Aride Sede Boker, Negev Dessert, Israel 
Maritime Pozo Izquierdo, Gran Canaria, Spain 
Moderate Stuttgart and Freiburg, Germany 
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2.2. Indoor 
Accelerated aging tests with variations of the relevant parameters temperature, humidity and 
irradiation are performed in climatic cabinets on samples as well as on entire collectors. Especially hot 
and humid conditions – to some extent in combination with UV radiation and salty conditions – will be 
used for the qualification of the materials. These conditions are chosen because they are considered most 
demanding and also most relevant for the application of solar thermal systems in sunny regions with high 
populations which are often located near coast lines. 
 
                              
Fig. 1. Climatic cabinet with UV unit                                                          Fig. 2. Climatic cabinet with condensation unit 
3. Glazing materials 
Within the project, a special focus is put on glazing materials, in a first step more specifically on anti-
soiling coatings, for which a special testing procedure was developed. Today, anti-soiling coatings are 
marketed mostly as an additional feature to anti-reflection coatings. As a stand-alone product, one cannot 
speak of an established, full-fledged market for anti-soiling coatings. Table 2 offers an overview of 
selected products and product classes available on the market [1]. 
Table 2. Product overview anti-soiling coatings 
Market sector No. of products in the sector Mode of functionality 
Glass manufacturers 
(prefabricated) 
3 1 x hydrophobic 
2 x hydrophilic 
Module manufacturers 
(prefabricated) 
4 2 x hydrophobic 
1 x hydrophilic 
1 x ETFE coating 
Products for post-manufacture 
application 
9 3 x hydrophobic 
2 x photocatalytic 
1 x hydrophilic 
3 x n/a 
 
A comparison of the different market sectors shows that there are significantly more products in the 
post-manufacture application sector than in the prefabricated ones. This is due to the simple fact that the 
manufacturing of paints and coatings that the end user applies is much easier than the manufacturing of 
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finished products, the latter including an elaborate automated coating process. However, the unaided 
application of the product by the end user himself can negatively affect the optical properties of the 
glazing surface, thereby counteracting the desired positive effect of the anti-soiling coating. 
The photocatalytic functionality mentioned in the table above is based on the use of titanium dioxide 
(TiO2), which degrades organic compounds on the glass surface through photocatalysis and thereby 
generates a hydrophilic surface. The only concern with this mode of action is its refraction index of 
n=2,55 which can cause reflectance losses of ca. 13 % [2]. 
3.1. Comparison of different coatings in the laboratory 
A laboratory experiment was conducted in order to gain insight into the cleaning and transmission 
behavior of various coating samples that might be suitable for solar thermal applications. The experiment 
consisted of a testing procedure specifically developed for this task. Three different coatings were 
analyzed. Two of the coating samples came from prefabricated products from glass manufacturers 
(coating samples #1 and #2) and one of the samples was a product for post-manufacture application 
(coating sample #3). The two categories, ‘prefabricated’ and ‘post-manufacture application’, were to be 
compared. Key element of the testing procedure is a novel device for artificial soiling that was specially 
designed for this experiment and which allows for a precise and reproducible artificial soiling process. 
With this device, very fine dust (Arizona test dust according to SAE J726 Rev. JUN93) was applied onto 
the samples as a liquid dispersion. The reproducibility of the soiling process was assured. In a next step, 
the soiled samples were artificially sprinkled. The sprinkling is supposed to render the artificial soiling 
outcome as realistically as possible. The accelerated aging procedure for this experiment included the use 
of a climatic cabinet in which the samples were subjected to UV light exposure (129 W/m2 in a range 
of 300 to 550 nm) and to heat exposure of 85°C for varying time intervals. To be able to consider the 
effect of UV exposure separately, an additional accelerated aging with only heat exposure at 85°C was 
conducted. 
As a primary characterization factor, transmission spectra were recorded before and after the artificial 
soiling. Based on resulting differences between the before and after spectra, conclusions regarding the 
effectiveness of the anti-soiling function of the coatings can be drawn. The contact angle serves as a 
secondary characterization factor. The angle was measured and observed over the course of the 
accelerated aging procedure. 
4. Characterization methods 
The initial efficiency curve of the collectors and the relevant physical properties of the material 
samples were measured before exposure to weathering. The absorber temperature of all collectors and 
some selected temperatures at other collector parts (e.g., glazing, frame, insulation, sealant) were 
measured continuously during exposure in order to set up a data base for the development of suitable 
accelerated life tests and to detect degradation of the collectors in-situ. 
Different non-destructive analytical methods were used for the characterization of the material 
samples. On the one hand, there are optical methods like FT-IR spectroscopy in transmission (glazing) or 
reflection mode (absorbers and reflectors). On the other, atomic force microscopy (AFM) and contact 
angle measurements can be used for the examination of the changes on the surfaces.  
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4.1. FT-IR 
The spectral measurements were carried out with a Fourier transform spectrometer Bruker Vertrex70 
equipped with two integrating spheres (a PTFE coated sphere for the shorter wavelength-range 
(O  2,0 Pm) and a diffuse-gold coated sphere for the IR (O ! 1,7 Pm)) in order to measure both the 
directly reflected and the scattered radiation. The diffuse part of the reflectance was calibrated with a 
PTFE standard from NIST for the solar range and from NPL for the thermal range. The specular part in 
the solar and the infrared ranges was calibrated with an aluminum mirror from NPL. The accuracy of the 
reflectance data was better than 1 % in the solar range and better than 2 % in the IR. The solar 
absorptance was calculated by weighted integration of the spectral reflectance with the solar spectrum 
AM 1.5 according to ASTM E 891. The thermal emittance was calculated by weighted integration of the 
spectral reflectance with the Planck Black Body radiation distribution at a temperature of 373 K. 
4.2. AFM 
The AFM unit of the WITec alpha 500 was employed using tapping mode AFM probes (nanosensors 
with a force constant of 48 N/m and a resonance frequency of about 170 kHz). The cantilever’s 
dimensions were 225μm x 38μm x 7μm (length x width x thickness). Measurements were taken in air at 
room temperature, with a resolution of 256 points per line and 256 lines per image and with a scan 
frequency of 1,5 s/line. A scanning area of 30 x 30 μm² was chosen. Since AFM is very sensitive to 
surface inhomogeneities, e.g. from fabrication, a variety of measurements was performed. The surface of 
each sample was analyzed at different positions within the scanning range (100 x 100μm²) and at each of 
these, at least three different AFM micrographs were taken. This way, a multitude of images was obtained 
and analyzed using two surface indicators: surface roughness (Root Mean Square - RMS) and surface 
area. 
4.3. Contact angle  
The contact angle measurements were performed with equipment from DataPhysics, the OCA 20. The 
contact angle is the angle at which a liquid, in this case water, meets a solid surface. A large contact angle 
(> 90°) indicates a surface with a hydrophobic property, whereas a very low contact angle (< 10°) 
indicates a super-hydrophilic surface. Both properties are considered positive with respect to an anti-
soiling effect. 
5. Characterization results 
5.1. AFM measurements 
Measurements were taken for two different absorber types (selective coatings on aluminum and copper 
substrate) and for one reflector coating on aluminum. The surface area and RMS values were calculated. 
Figure 3 shows the topography images and the values of the surface roughness.  
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(a) AFM topography micrograph 
Selective absorber on aluminum substrate, RMS 31.5 nm. 
(b) AFM topography micrograph 
Selective absorber on copper substrate. RMS 47.7 nm. 
 
 
 
 
 
(c) AFM topography micrograph 
Reflector on aluminum substrate, RMS 7.9 nm 
  
Fig. 3. AFM topography of samples of absorbers and reflectors in the initial state. 
In further aging tests, the change in topography will be correlated with the change in the optical 
properties of the absorbers.  
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5.2. FT-IR measurements 
The solar absorptance, solar transmittance and the thermal emittance were calculated via spectral 
measurements. For each type of the tested components (absorber, reflector, glazing), 15 samples were 
measured in order to assess the variances of the evaluated integral values.  
Table 3. Solar absorptance and thermal emittance values for absorber samples. 
Absorber no. D$0>@ Standard deviation H.>@ Standard 
deviation
absorber #1 90,1 0,0012 4,8 0,0197 
absorber #2 87,7 0,0016 20,2 0,0196 
absorber #3 90,7 0,0033 5,7 0,0081 
absorber #4 90,6 0,0019 3,7 0,0069 
absorber #5 90,1 0,0014 3,9 0,0108 
absorber #6 90,4 0,0033 3,5 0,0066 
absorber #7 86,5 0,0027 2,2 0,0108 
absorber #8 84,5 0,0018 1,2 0,0073 
absorber #8 88,0 0,0007 2,6 0,0065 
 
Table 4. Solar reflectance and thermal emittance values for reflector samples. 
Reflector no. U$0>@ Standard deviation H.>@ Standard deviation
reflector #1 85,5 0,0012 49,9 0,0177 
reflector #2 89,4 0,0023 47,3 0,0047 
reflector #3 89,2 0,0044 51,1 0,0091 
reflector #4 89,2 0,0015 49,8 0,0185 
reflector #5 89,3 0,0011 52,3 0,0063 
reflector #6 90,1 0,0012 54,2 0,0052 
reflector #7 83,3 0,0016 41,7 0,0033 
 
Table 5. Solar transmittance of glass samples. 
Glazing W$0>@ Standard deviation 
glass #1 91,6 0,0009 
glass #2 93,4 0,0009 
 
The initial measurements showed a high homogeneity of the samples, for example, with a standard 
deviation of only 0.0011 for the solar reflectance of a coated aluminum reflector. This shows the excellent 
production quality of the tested materials. 
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5.3. Contact angle measurements 
Fig. 4 shows the measurements of contact angles on the coating sample from one of the glass 
manufacturer’s prefabricated products (coating sample #1) before and after different accelerated aging 
steps. As can be seen clearly, the contact angle did not change after aging. 
 
 
Fig. 4. Contact angles of a 20 μl drop of water on a prefabricated product sample (coating sample #1) after different UV ageing 
times. 
However, the result is quite different for the second glass manufacturer’s hydrophobic coating sample 
#2 (Fig. 5). The hydrophobic contact angle of about 90° changed after only 250 h of accelerated aging to 
a clearly hydrophilic value of about 50°. To put it into context: the dose of UV radiation the sample was 
exposed to in this time interval of accelerated aging corresponds to approximately half a year of outdoor 
solar radiation in Germany. 
 
 
Fig. 5. Contact angles of a 20 μl drop of water on the second prefabricated product sample (coating sample #2) after different UV 
ageing times. 
The sample of the coating for post-manufacture application (coating sample #3) presented a surprising 
result (Fig. 6). According to manufacturer information, the coating has a hydrophilic contact angle due to 
photocatalytic reactions. In the non-aged stage, the sample exhibited a super-hydrophilic contact angle of 
7°, yet after only 250 h of aging the angle increased to about 50°. 
 
 
Fig. 6. Contact angles of a 20 μl drop of water on the post-manufacture application sample (coating sample #3) after different UV 
ageing times. 
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5.3.1. Results of the transmission measurements 
In addition to the contact angles, the transmission spectra of the glass samples were measured. 
Measurements were taken before and after the reproducible artificial soiling in order to quantify the anti-
soiling effect based on the resulting changes in transmittance. The measurements were taken from the 
same aged samples as in the contact angle measurements, the aging being conducted in the unsoiled stage. 
This allows analyzing the weathering durability of the anti-soiling effect and of the contact angle in 
parallel. The results show that none of the analyzed coatings negatively influenced the solar transmission, 
not even after being submitted to accelerated aging. Furthermore, the results of the contact angle 
measurements can be corroborated by the transmission measurements. 
Coating sample #1 with a stable contact angle hardly showed any changes in the transmission spectra. 
This points to a very good anti-soiling effect of this particular coating. Coating sample #2 from the 
product for post-manufacture application, which rapidly lost its characteristic contact angle, produced bad 
results with regard to the anti-soiling effect. In the non-aged stage, a moderate anti-soiling effect is 
detectable; after 250h of accelerated aging, however, this effect diminished to a degree that it is not 
distinguishable from uncoated solar glass. Coating sample #3 did lose its characteristic contact angle very 
quickly (250h); nevertheless, the anti-soiling effect remained rather stable. In all, the coatings from 
prefabricated products (coating samples #1,2) presented a significantly higher anti-soiling effect than the 
product for post-manufacture application (#3). The transmission spectra can also be integrated and 
weighted based on the AM 1.5 radiation for solar energy applications which offers a better comparison of 
the changes (fig. 7). 
 
Fig. 7. Integral values of coatings’ solar transmission (AM 1,5) plotted against the aging intervals (85°C, UV). 
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